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Antarctic temperatures may respond more than the global mean, but
unfortunately the variability of polar temperatures from year to year
is also larger, so it is unclear whether the signal-to-noise ratio will
be less there (Kelley and Jones, 1981)* Similarly, at middle and high
latitudes wintertime surface temperatures may show a slightly larger
increase than summertime temperatures, but the variability of wintertime
temperatures, or noise, is more than twice as large as that in summer.
This suggests that summertime temperature response may have a larger
signal-to-noise ratio. It will also be important to distinguish between
temperatures over land and over the ocean.

It has been argued that temperature averaged over the lower tropo-
sphere, rather than surface temperature, may be more representative of
changes in the radiation balance because of the greenhouse gases.
Unfortunately, good upper-air coverage does not go back beyond about
1950, and even now it is deficient over the oceans. So far, satellite
indirect soundings have not been used to fill in the gaps in the
climatological record. The situation is worse in the stratosphere
where the global rocketsonde sounding system has been in operation for
only a relatively short time and is on the point of being dissolved
altogether. In view of the difference between tropospheric and strato-
spheric temperature responses to increased CO2, both stratospheric
and tropospheric temperatures should be monitored.

Atmospheric fluxes of radiation should also be monitored. The
monitoring of upward shortwave (reflected and scattered solar)
radiation and emitted infrared radiation at the top of the atmosphere
deserves special attention. Satellites are potentially powerful tools
for monitoring these parameters. However, interpretation of most
satellite measurements to the accuracy required to explain temperature
changes of a few tenths of a degree appears difficult, as this requires
that absolute changes in the radiation budget of the order of 0.2% over
a period of years be detected. Detailed analysis of the spectrum of
outgoing infrared radiation may, however, provide useful information.

Clouds may also influence long-term climate variations through their
radiative effects. To illustrate their potential importance, changes
in global cloud cover of a few percent could mask the warming effect of
doubled carbon dioxide. Unfortunately, it is difficult to determine
with confidence the three-dimensional distribution of clouds because of
their ill-defined boundaries and complicated configurations. Instead,
one can monitor the equivalent blackbody temperature of the cloud
ensembles by measuring their outgoing radiation in one or more
atmospheric "windows." From this it should be possible to calculate
not only the upward flux of thermal radiation but also the radiatively
effective cloud height when the vertical distribution of temperature in
the atmosphere is given. This, and knowledge of the planetary albedo,
allows one to evaluate important aspects of the influence of the cloud
cover on the radiation balance of the Earth-atmosphere system.

Finally, the precipitable water content of the atmosphere will change
with C02 increases. Model calculations indicate that the atmospheric
precipitable water will increase 5-15% as the climate warms in response
to doubled CC>2 concentrations (Manabe and Stouffer, 1980? Wetherald
and Manabe, 1981). Observations of this parameter may, therefore, help